INTRODUCTION {#S1}
============

Drug-related problems (DRPs) are defined by the Pharmaceutical Care Network Europe (PCNE) as "events or circumstances involving drug therapy that actually or potentially interfere with desired health outcomes".[@B1] DRPs are associated with significant morbidity, impaired quality of life, mortality, and are a primary driver of hospital admissions and health care costs. In a recent study in England, it was estimated that up to 6.5% of hospital admissions was due to adverse drug events, over 70% of those being preventable. The annual cost of these hospital admissions was estimated at 706 million euros (847 million US dollars) (2002).[@B2]

Community pharmacists can contribute to the prevention and identification of DRPs, with pharmacists' interventions being associated with reduced hospital admissions,[@B3] and prevention of possible patient harm.[@B4]-[@B6] In a study of Currie and colleagues, the effect of a training program on the detection of DRPs was investigated. The training program led to an increase in the detection of DRPs. However, the study did not focus on better DRP management as a result of the training program.[@B7]

The PCNE classification system identifies a number of categories of DRPs, one of which is drug interactions.[@B1] Delphi+ is a commonly used program for detecting drug-drug interactions in community pharmacies in Belgium. The program is based on the ABDA's (German Association of Community Pharmacists) drug interaction database, which has been adapted to the medicines available on the Belgian market. It screens interactions based on the relevance criteria documentation and severity. Four categories of severity are distinguished: very severe, severe, less important, and insignificant. Pharmacists are advised to adjust the program so that only the first two categories are activated. As a result, work at the counter will not unnecessarily be delayed by focusing on less significant drug interactions. The documentation status also exists of four categories: causality evidenced, suspected, unlikely, and unable to pronounce upon. Only in the first two cases, an interaction sign will be shown.

An issue in the management of drug interactions is the overwhelming amount of information available to pharmacists.[@B8] This problem is often found in software programs designed for pharmacy practice. In their study on the use of the drug surveillance program Delphi+, Leemans & Laekeman (1994) found that 32% of pharmacists hardly ever used the interaction screening part of the program (n=164). The main reason was the program being time consuming due to the lack of gradation in importance and relevance of interactions.[@B9] Hansten came to a similar conclusion through informal polls of pharmacists around the United States.[@B8] Bates argues that pharmacists may be bombarded by so many interaction reports that they grow accustomed to skipping through them rapidly.[@B10] Finally, McDonald described the phenomenon that individuals who are given too much information will stop paying attention to it, with potentially disastrous consequences.[@B11]

The appropriate management of drug interactions also depends on the knowledge of the health care practitioner. Outside the physicians's cabinet, the pharmacist is the last line of defense to protect the patient from prescribing errors. But can (s)he fulfill that role? Westerlund found that the educational level of the pharmacy practitioner was a key determinant for the detection of DRPs[@B12] and Hansten concluded that the drug interaction knowledge of health care providers has to be improved.[@B8] Leape and colleagues identified failure in the dissemination of drug knowledge as being the most common cause of drug interaction errors.[@B13] In a study of Cavuto and colleagues, 16 (32%) of 50 pharmacies filled two prescriptions -one with erythromycin and the other with terfenadin-without comment, although 48 of the 50 pharmacies used computer programs designed to prevent drug interactions.[@B14] In reply to this article, Bates argues that part of the problem may be with the computer systems.[@B10] However, we should not forget that this interaction is one of the few potentially fatal interactions and that pharmacists should have the knowledge to handle this problem rather than rely completely on imperfect software programs.

Clearly, there is a need to provide community pharmacists with education, practice-oriented tools, and instructions to manage drug interaction problems in the pharmacy.

METHODS {#S2}
=======

During two weeks all drug interactions were documented in six community pharmacies, located in different geographical areas in Belgium, in order to identify the drug interactions that occurred most frequently. Drug interactions with beta-blockers appeared to be the most common ones (85 out of a total of 307 interactions). This finding is consistent with other researchers' results.[@B15],[@B16]

Six beta-blocker drug interactions, which the Delphi + software program indicated as severe or very severe were selected for the study. Those were interactions of beta-blockers with hypoglycemic agents, beta-agonists, Ca-channel blockers, ergot alkaloids, NSAIDS and rizatriptan. Because there is no consensus on the clinical relevance of drug interactions with beta-blockers,[@B17] different drug information sources were consulted to develop practice-oriented guidelines.[@B18]-[@B20] Each guideline consisted of a flowchart detailing the interaction problem and the ways of dealing with the drug interaction, i.e. mode of transaction. With respect to the mode of transaction, a distinction was made between the first time the two drugs are combined, and renewal of the drug combination. Also mentioned on the flowcharts were patients' risk factors that could increase the severity of the interaction, situations in which the pharmacist should contact the physician, the suggestion for registration in the computer of the mode of transaction, and for follow-up of the patient ([Figure 1](#F1){ref-type="fig"}). Additional information regarding mechanism of action, clinical significance of the interaction, and mode of transaction were provided in a separate document.

![Flowchart of drug interaction beta-blocker - NSAID](pharmpract-04-143-g001){#F1}

All final year pharmacy students, who were in their internship period, were sent a letter to probe their interest in the study. Students could only participate if their internship mentors were also willing to cooperate and if at least one person from the pharmacy could attend the intervention session in February 2004. Ten students together with their internship pharmacy were willing to participate in the study. An equal number of students from another university together with their internship pharmacies formed the control group. No incentives were provided for the pharmacies to participate in this study.

The study had a controlled before-and-after design and explored how the management of drug interactions evolved in the intervention and control group after the intervention group had been exposed to an interactive CE course ([Figure 2](#F2){ref-type="fig"}). Prior to the study, both student groups were informed about the purpose of the study and were given instructions on how they had to document drug interactions.

![Study design](pharmpract-04-143-g002){#F2}

In January 2004, the two student groups registered interactions of beta-blockers with NSAIDs, beta-agonists, hypoglycemic agents, Ca-channel blockers, ergot alkaloids, and rizatriptan that occurred in their internship pharmacy during two weeks. A list was provided with all the brand names of the beta-blockers (orally administrated as well as eye drops), and the drugs listed above for which the interaction had to be controlled. Students controlled every prescription that contained one or more drugs from the list. In case there was only one drug on the prescription, the medication history of the patient was checked to see whether the patient was currently taking a drug that could possibly interact. Each interaction was registered on a separate form and was discussed with the pharmacist who had filled that prescription.

The topics to be completed on the form were related to drug information of the beta-blocker and the interacting drug, patient's demographic features, and the mode of transaction. In the drug information category, information had to be provided on dose, posology, indication, whether the two drugs were prescribed by the same physician, and whether the drug was on the prescription or in the medication history of the patient. In the patient information section, students registered the age of the patient, and the number of medicines that the patient was currently taking, apart from the two interacting drugs. Patients themselves were not interviewed, nor were their names recorded on the forms. Finally, with respect to the mode of transaction, students had to indicate how the pharmacists who filled that prescription had dealt with the reported drug interaction. Possible transactions were: no intervention, counseling with patient, contact with physician, and other actions which were to be specified. These items were not mutually exclusive. In this part, the student also reported what exactly was changed in case of therapy adjustment as well as the pharmacist's motivation for the chosen transaction.

In February 2004, the intervention group, consisting of the students as well as the internship pharmacy staff, took part in the intervention. The internship mentors were invited to attend the session with as many staff of their pharmacy as possible (pharmacists as well as pharmacy technicians). During the intervention session, the students as well as the pharmacy staff were trained to use the developed drug interaction guidelines in the pharmacy. After an introductory lecture, the use of the guidelines was practiced in small groups. The control group received no training.

Post-test. Three weeks after the interactive session, students in the intervention and control group registered all interactions of beta-blockers during two weeks following the same methodology as in the pre-test.

One year after the study, pharmacists who participated in the intervention group were sent a questionnaire. This survey contained questions on the information retained from the interactive session, and the use of the developed flowcharts.

Chi square analysis at a 0.05 level of significance, was used to analyze statistical differences between pre-test and post-test and between the intervention and the control group.

RESULTS {#S3}
=======

A total number of 288 interactions were detected during both study periods. In the intervention group, 88 interactions were detected in the pre-test and 56 interactions in the post-test. In the control group, 67 interactions were registered in the pre-test and 77 interactions in the post-test. The mean number of prescriptions per day per pharmacy was 75 (SD=34), resulting in an estimated incidence of beta-blocker interactions of 1.92%. Of all 288 interactions, 35.4% occurred with anti-hypoglycemic agents, 31.9% with NSAIDs, 21.5% with beta2-agonists, 9.4% with Ca-channel blockers, 1.4% with ergotamines, and 0.3% with rizatriptan. No difference was seen between pre-test and post-test or between intervention and control group. Of all detected interactions, 84.5% of beta-blockers were found on the prescription, compared to 15.5% in the medication history of the patient. [Table 1](#T1){ref-type="table"} gives an overview of the different indications for which the beta-blocker was prescribed. The interacting drug was found on the prescription in 56.7% of interactions, and in the medication history in 43.3% of interactions.

###### 

Indications of the beta-blockers causing an interaction

  ------------------------- ------------
  Indication                \% (n=288)
  Hypertension              64.6
  Glaucoma                  10.8
  Heart failure             4.2
  Angor                     1.4
  Migraine                  0.7
  Other                     3.8
  Did not know, no answer   14.6
  ------------------------- ------------

Sixty-six percent of detected drug interactions occurred in patients aged between 60 and 80. Patients were aged between 40 and 60 in 18.9% of interactions, patients were older than 80 years in 12% of interactions, and patients were younger than 40 years in 3.2% of interactions. On average, patients took 3.73 (SD=2.25) medicines in addition to the two that caused the interaction. In 85% of all detected interactions, the prescriber of both interacting drugs was the same, whereas in 15% of interactions the interacting drugs were prescribed by different physicians.

In total, 86% of detected interactions were not acted upon in the pre-test ([Table 2](#T2){ref-type="table"}). In the intervention group this number decreased from 89% in the pre-test to 27% in the post-test (p\<0.001), whereas in the control group the number of untreated interactions slightly increased in the post-test (p=0.171). In none of the reported interactions, the therapy was immediately adjusted on the initiative of the pharmacist or after consultation of the physician. The category "other actions" mainly included typing a note in the patient's record so that the pharmacist would be aware of the interaction and that patients would be given advice about the interaction next time they come to the pharmacy.

###### 

Mode of transaction

  ------------------------------ ------------------------- ------------------------------ ------------------------- ----------
                                 \% Total (n=144)          Group                          Chi square                
  \% Intervention group (n=88)   \% Control group (n=67)                                                            
  Pre-test                                                                                                          
  No intervention                86                        89                             84                        p=0.128
  Patient counseled              10                        10                             9                         
  Doctor contacted               4                         1                              7                         
  Other actions                  0                         0                              0                         
                                 \% Total (n=144)          \% Intervention group (n=56)   \% Control group (n=77)   
  Post-test                                                                                                         
  No intervention                61                        27                             87                        p\<0.001
  Patient counseled              24                        39                             12                        
  Doctor contacted               9                         20                             1                         
  Other actions                  6                         14                             0                         
                                 Chi                                                                                
                                 square                    p\<0.001                       p=0.171                   
  ------------------------------ ------------------------- ------------------------------ ------------------------- ----------

###### 

Justification for overriding the interaction

  ----------------------------------- ------------------------- ------------------------------ ------------------------- ---------
                                      \% Total (n=144)          Group                          Chi square                
  \% Intervention group (n=88)        \% Control group (n=67)                                                            
  Pre-test                                                                                                               
  Minimizing the problem              50                        49                             52                        p=0.949
  Communication problem with doctor   2                         2                              2                         
  Did not know/see the interaction    25                        25                             25                        
  No answer                           23                        24                             21                        
                                      \% Total (n=144)          \% Intervention group (n=56)   \% Control group (n=77)   
  Post-test                                                                                                              
  Minimizing the problem              66                        75                             59                        p=0.001
  Communication problem with doctor   7                         1                              1                         
  Did not know/see the interaction    9                         2                              15                        
  No answer                           18                        9                              25                        
                                      Chi square                p\<0.001                       p=0.434                   
  ----------------------------------- ------------------------- ------------------------------ ------------------------- ---------

In the intervention group, pharmacists' awareness of interactions increased. They failed to detect an interaction in 2% of cases in the post-test, compared to 25% in the pre-test (p\<0.001). In the post-test, the intervention group more often justified their transactions by minimizing the problem. Reasons were, among other things, that they had evaluated the patient's risk factors for the interaction, that the physician was aware of the interaction, that the pharmacist estimated the interaction was not clinically relevant, that the patient had taken this combination before, or that actions had already been taken to counteract the interaction. In the post-test, the intervention group more often reported communication problems with physicians compared to the pre-test (p\<0.001) and the control group (p\<0.001).

Of the participants of the CE course (15 pharmacists, no pharmacy technicians), ten returned the follow-up questionnaire, which was sent one year later to the pharmacists in the intervention group ([Table 4](#T4){ref-type="table"}). When asked to recall the CE course, pharmacists mainly mentioned issues related to the setting and the course of the CE session. Six of the ten responders did not use the developed guidelines anymore. Of those, three responders mentioned that the guidelines should be integrated with the software programs.

###### 

Follow-up of the pharmacists who participated in the interactive session

  ------------------------------------------------------------------------------------------------------------------- ----------
  What do you remember of the CE course on drug interactions with β-blockers?                                         n (n=10)
  \- Little, nothing, no answer                                                                                       4
  \- Setting (nice place, contact with colleagues,...)                                                                4
  \- Flowcharts received                                                                                              3
  \- Description of the course of the evening                                                                         4
                                                                                                                      
  That evening, did you learn something about drug interactions with β-blockers? If so, what exactly did you learn?   n (n=10)
  \- No answer                                                                                                        4
  \- The importance and occurrence of drug interactions with β-blockers                                               4
  \- Drug interaction of β-blockers with NSAIDs                                                                       2
  \- Occurrence of drug interactions with β-blocker eye drops                                                         1
  \- Everything I know now about drug interactions with β-blockers, I learned that evening                            1
                                                                                                                      
  Do you still use the flowcharts? If so, how often?                                                                  n (n=10)
  \- No answer                                                                                                        2
  \- I don't use them anymore                                                                                         6
  \- monthly                                                                                                          1
  \- Less than monthly                                                                                                1
                                                                                                                      
  Why is it that you do not use the flowcharts anymore?                                                               n (n=6)
  \- No answer                                                                                                        2
  \- Lack of time                                                                                                     2
  \- Should be integrated in the software                                                                             3
  ------------------------------------------------------------------------------------------------------------------- ----------

DISCUSSION {#S4}
==========

This study aimed to evaluate the short-term effects of an interactive CE course on the management of beta-blocker drug interactions on practice improvement of community pharmacists. The CE course had an effect on the intervention rate, the mode of transaction, and knowledge of drug interactions with beta-blockers.

The majority of detected interactions were caused by beta-blockers that are prescribed for hypertension. This information on the indication of the beta-blocker is important to evaluate the clinical significance of some interactions. For example, it is well established that the pharmacodynamic drug interaction beta-blocker -- NSAID is particularly significant when the beta-blocker is administered for hypertension.[@B20] In almost 15% of detected drug interactions in our study, the student or the pharmacist was not aware of the purpose of the beta-blocker. In line with this result, a European study on DRPs identified lack of knowledge of the aim of the drug as the most common DRP.[@B6] Other researchers discern that community pharmacists have limited access to decision-relevant patient information beyond that which can be collected from the patient.[@B4],[@B21] In this respect, Finland requires physicians to write the purpose of the medication on the prescription,[@B22] and provides open access for both prescribing and dispensing parties to the same patient database.[@B15] Rupp concluded that, in expectation of this open access, communication and collaboration between prescribers and pharmacists is a prerequisite in the proper management of DRPs.[@B4]

Various studies have described difficult pharmacist-prescriber contacts as a barrier to optimal provision of patient care by pharmacists.[@B4],[@B22],[@B23] In our study, communication with prescribers was only occasionally reported as a problem, albeit that the frequency of communication problems with physicians significantly increased in the intervention group after the CE course. It is unclear why this occurred and this issue requires further investigation. One possible explanation could be that the frequency of prescriber contacts was higher in the post-test, resulting in a proportional increase in communication problems.

Following the CE course in the intervention group, patients were more often counseled and physicians were more often contacted to discuss the problem. However, in almost 30% of cases, pharmacists still preferred not to undertake any actions. The most important reason was that they minimized the interaction problem because they did not estimate the interaction to be clinically relevant or because the prescriptions were refills. These reasons could be part of the explanation why in none of the cases the therapy was adjusted, even when the prescriber had been contacted. Prescribers, in turn, may have similar problems as pharmacists in the management of drug interactions. Lack of knowledge, drug interaction screening programs generating too many alerts and being too time consuming, doubts on the clinical relevance, and patients having tolerated the drug combination in the past, have been found to be reasons for overriding drug interactions in the physicians' cabinet.[@B24]-[@B28] To overcome some of these factors, Spina and colleagues have suggested that drug surveillance programs should include mandatory alerts for life-threatening DRPs of which the prescriber may not be aware, and that the programs should be more interactive and flexible so that prescribers can tailor those programs to their perceived needs.[@B28] In accordance with our findings, this suggestion could be extended to pharmacists' drug surveillance programs.

The CE course had an effect on the detection rate of drug interactions. The 'did not know/see the interaction' reason for not intervening in the interaction decreased to 2% in the intervention group following the CE course. The reason why pharmacists failed to see the interaction may be because some pharmacists in this study did not have drug surveillance software, or did not use those programs properly, and because pharmacists' knowledge of drug interactions may be inadequate. Therefore, CE courses on drug interactions like the one that we provided, play a key role in updating pharmacists' knowledge and in raising their responsibility of preventing DRPs. Simultaneously, pharmacies could be obliged to use medication surveillance screening programs, which is already the case in for example the Netherlands.[@B29] However, those programs will never be able to replace pharmacists' reasoning and decision making. Pharmacists, as drug experts, should take up their responsibility of detecting and preventing DRPs, if they wish to claim a role in DRP assessment.[@B30]

The increased knowledge following the interactive CE course did not appear to have a long-lasting effect. The follow-up survey revealed that pharmacists did not remember much of the CE course. One pharmacist said that she learned everything she knew about drug interactions during that evening. It could be that graduate education did not draw enough attention to DRPs and that therefore a single CE course was not enough to bring pharmacists' knowledge about drug interactions with beta-blockers up to date. We did not investigate whether pharmacists' improvements in the management of drug interactions with beta-blockers were sustained over time. Given the limited knowledge retained by pharmacists over time and the fact that more than half of respondents did not use the guidelines anymore, we expect little sustained practice changes. In the literature, there used to exist little evidence on the impact of CE on practice improvement.[@B31] However, recent studies suggest that long-lasting practice improvement may be obtained through curriculum-based CE courses, long-term courses involving the whole pharmacy team, or a combination of interactive CE courses with on-site performance feedback.[@B32]-[@B34] These studies may be inspiring for further research on long-lasting practice improvement in the management of drug interactions.

This study has several limitations. First, data were collected in internship pharmacies. It could be that internship mentor pharmacists are more receptive of continuing education courses and interventions to effect practice improvement than the average pharmacist, which could have led to an overestimation of our results. Second, pharmacists were not randomly assigned to the intervention or control group because of the risk of exchanging information between students of the same university and pharmacists from the same region.

CONCLUSION {#S5}
==========

A single CE course on management of beta-blocker interactions had a positive short-term effect on pharmacists' awareness, evaluation of clinical relevance, contact with prescribers, and patient counseling. Further research is needed to develop CE programs that facilitate sustained practice improvement in the management of drug interactions.
